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Industrial Acceptance Thrust Areas

/KW-year

SERVICE VALUE (S

.

Charge Energy (kWh)

Energy Storage Values

CATEGORY 1

[
ey Apity | gn D Em;;:.'zﬁ,mm. Use casgs from
B e economic
evaluation
Control INEOrpoELE
. existing
i - Strate -
. gy functions
L B
I e »
n T & o = = oy .
= ‘ = BN i Satisfy
e e T ¥ e T Vo T | e o e e constraints

560

520

480

Cost and Performance Characterization Distribution System Integration

H

(=] (=] (=]
w o wn
o~ uw ~

Power during Discharge (kW)

—— Baseline — Post Cycle 1 — Post Cycle 2




o

Pacific Northwest

Taxonomy of Energy Storage Services

Proudly Operated by Battelle Since 1965
category M\

Capacity or Resource
Bulk Energy : Adﬁqu;’;y
Services o Energy Arbitrage
i \ /

\ o Regulation o Flexible Ramping
\ o Load Following o Voltage Support
\
\
.;.

.

4 /
Ancillary
Services \ \

o Spin/Non-Spin Reserve o Black Start Service
o Frequency Response

AN . J
/
é I I o Transmission Upgrade B
Transmission L L ?‘Efe"a'
. - - - - - - o Transmission
Services A A A Congestion Relief
. \ J
4 i o Distribution Upgrade N
Distribution \[:elf::;:IRC o
. a Volt- ontro
Services o Conservation Voltage
N Reduction )
e
o Power Reliability o Demand Charge
CUSt?mer a Time of Use (TOU Reduction
Services

Charge Reduction
\ 4




Energy Storage Holds Tremendous Value

Energy Storage Values
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Source: Balducci, P., J. Alam, T. Hardy, and D. Wu. 2018. Assigning Value to Energy Storage Systems at Multiple Points in an
Electrical Grid. Energy Environ. Sci., 2018, Advance Article. DOI: 10.1039/C8EEO0569A. Available online at
http://pubs.rsc.org/en/content/articlelanding/2018/ee/c8ee00569a#!divAbstract.
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Results from Recent PNNL Valuation Studies: .

Present Value Benefits and Costs over Pacific Northwest
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Economic Life of Energy Storage Systems
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Energy Storage & Community Solar

B Total 20-year value of photovoltaics (PV) and energy storage system (ESS) operations at $3.3
million in present value terms, while present value costs are $2.9 million for a benefit-cost ratio
(BCR) of 1.13, including outage mitigation raises BCR to 1.25

» Benefits largely driven by transmission deferral benefit at $2.0 million in present value terms

» Cable replacement deferral estimated to be 3.65 years =
Waidm Eastsound g
Lummi Island
$3,500,000 sea Acre
$3 000 OOO Orcas Island
! ! Roche Harbor iy Submarine
$2,500,000 B e N o Teansmission ..,
San Juan 2 Cgbles
\sland % uemes Island
$2’000’000 ‘\ Lopez Island
\ Decatyglsland T
$l15001000 \\ chezlslaﬂ ¢ a L LX) L] :
$1,000,000 9 Mainland Fidalgo Island
Washingtoiy=et= "
$500,000 £ 9
$-
Benefits Costs Copper
o XLPE
‘ =L___L%*'“-:" .. Insulation
m Load Shaping Charge Reduction ®Demand Charge Reduction B Transmission Charge Reduction Ta,,' DY ]_ju =
Overhead Line .
m \Volt-VAR/CVR m Transmission Deferral B Energy Losses = ( s
- - “: g — 1 rmor
m Energy Storage System Rate Impaad ost Revenue m Gen Set Cost Avoidance £ 3' i
Outage Mitigation m PV Energy Production Cable 5 an&Energy Storage System (ES®)at Decatur

Substation in the OPALCO Single Line Diagupper);Cable *
Cross Sectioflower)



Shell Energy North America (SENA) Small, 7

Modular Pumped Storage Hydro T Market Pactflc Mot
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SENA hydro battery costs are
roughly comparable to those in
the marketplace for electro-
chemical batteries at $743/kWh

» Several hydro battery
characteristics outlined by SENA
are tremendously valuable

B the ability to act as load and
generation

B the ability to follow a regulation
signal

B the ability to provide 14 MW of
regulation up/down capacity

B the spinning reserve mode
enables grid synching to improve
project economics

Benefits exceed costs under the base case in the Pacific NW, Hawaii, and two NYISO
regions. Under the mature cost method, positive BCRs are obtained in all regions with
the exception of one CAISO sub-region

» Economic viability of the SENA hydro battery is highly dependent on locational factors
» Regulation, capacity, and frequency response are the most valuable use cases. 8



